Introduction
Breast cancer (BC), a common life-threatening malignancy, has become the leading cause of cancer-related death in women worldwide. 1 Globally, BC accounts for approximately 1.67 million new cases and 0.5 million deaths in 2012. 2 The estimated 268,600 new cases and 69,500 deaths occurred in China in 2015. 3 Although the BC incidence and mortality in China are lower than those in most socioeconomically well-developed countries, these rates have kept increasing during past decades, and the mortality-to-incidence ratio is higher in China. 4 Together with the implementation of the Cancer Prevention and Control Program (2004) (2005) (2006) (2007) (2008) (2009) (2010) , 5 cancer management has become a vital component of the health system in China. A previous study revealed that East China has the highest BC incidence rate,
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Cheng et al followed by Central China, and then West China. 3 However, regional BC control is hampered by limited epidemiological evidence due to insufficient long-term surveillance data. 6 Huang et al reported a remarkable increase in BC incidence and a slight increase in BC mortality during 1973-2012 in urban Shanghai, a developed city in East China. 7 Given the regional discrepancy due to variations in access to cancer care, early detection policies and treatment, and heterogeneous distribution of risk factors, this long-term study cannot be generalized to all cities in China. 8 Wuhan is the largest city in Central China and represents a medium-level economy in China. Meanwhile, Wuhan is a fast-developing city expected to develop into an international metropolis by 2049. 9 This pattern of fast development mirrors that of many cities across the world. A notable increase in BC incidence was observed in Asian countries such as Japan, Thailand, and Singapore during fast socioeconomic development. 10 In this regard, a heavy BC burden could emerge that accompanies the rapid socioeconomic development in Wuhan. Therefore, a comprehensive evaluation and projections of the trends of BC incidence and mortality during the past decades are urgently needed to identify possible strategies for further BC control.
Studies are needed to better understand the effects of previous BC control policies that will help to develop clear and targeted health-planning strategies. The aims of this study were to examine the trends of BC incidence and mortality during the observed period and to predict the rates in the next decade (2015-2024), as well as to evaluate the age, period, and cohort effects on trends of BC incidence and mortality in Wuhan, Central China.
Patients and methods study sites and population
Wuhan, the capital city of Hubei Province in China, has a total population of 10.8 million (97% Han Chinese) and covers an area of 8,594 km 2 . It owns 13 districts, including 7 urban districts and 6 rural districts. Wuhan is located at 29.58°-31.22° north latitude and 113.41°-115.05° east longitude, making it the "heart" of China. Moreover, Wuhan is one of the biggest transportation hubs for land, water, and air transport in China. The surveillance data of this study covered an average 2.1 million female permanent residents who were registered as official residents of the seven urban districts in Wuhan from January 1, 1990 , to December 31, 2014 . This article was approved by the Ethics Committee of Wuhan Center for Disease Prevention and Control (WHCDCIRB-K-2014002). This study used population-based surveillance data without any individual patient identifiers.
incidence and mortality data
The BC incidence and mortality data were obtained from the Cancer Registry established in the 1980s affiliated with the Wuhan Centers for Disease Prevention and Control -one of the oldest cancer registries in China. The incidence and mortality cases during the 25-year period were defined according to the Ninth Revision of the International Classification of Diseases (ICD-9) before 2003 (code 174), and those after 2003 were defined by the ICD-10 coded as C50 and C500-C509. The incidence data have been published by Cancer Incidence in Five Continents (CI5-VIII), 11 and the quality of mortality data was also highly reliable as it was strictly checked and verified at all levels of departments. The registry system and data collection procedure have been previously described in detail. 12 There were 19,146 new cases and 4,707 mortality cases of BC covering the entire permanent urban population in this study.
statistical analysis
The Cancer Registry of Wuhan conducts a full-range cancer surveillance among the entire permanent resident population in this area. BC incidence and mortality data were extracted and categorized into 18 age groups of and ≥85 years). The age-standardized incidence rate (ASIR) and age-standardized mortality rate (ASMR) were calculated by direct standardization using the world standard population released by the WHO. 13 Trends in BC incidence and mortality were assessed using Joinpoint regression analysis (Joinpoint Regression Program version 4.0.4, released May 2013; Statistical Research and Applications Branch, Surveillance Research Program of the US National Cancer Institute), which was proposed by Kim et al and has been widely used by other researchers. 14, 15 The average annual percentage change (AAPC) with corresponding 95% CI was estimated in this study.
We used the Nordpred R-package developed by the cancer registry of Norway to predict age-specific BC incidence and mortality rates in 5-year interval periods (2015-2019 and 2020-2024), based on the previous five periods. This model is known for its ability to project how current trends are going to develop in the future. 16 Details of the analysis method have been published previously. 17 Briefly, Nordpred uses a power link function and Poisson age-period-cohort models to improve projection accuracy of cancer incidence and mortality rates. The model was written as follows:
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Trends in incidence and mortality of female breast cancer R ap is defined as the incidence or mortality rate in each age group (a) and in each period (p), respectively. A a is defined as the parameter attributable to the age group (a). D is defined as the common drift parameter accounting for the linear component of the trend. P p refers to the nonlinear period component of the period (p). C c refers to the nonlinear cohort component of the cohort (c). Departure from a linear trend was tested by checking the significance of S in the model. If S was significant, the recent trend (2005-2009 to 2010-2014) would be used to predict the drift component. Otherwise, an average trend from all of the five periods (1990-1994 to 2010-2014) would be used. The lower age limit considered for analysis was based on a minimum of ten cases in the combined periods (25-29 years for incidence and 35-39 years for mortality).
The age-period-cohort model described the variance in BC incidence and mortality trends according to age, period, and cohort effects over each 5-year period, using an R-based web tool from the US National Cancer Institute developed by Rosenberg et al. 18 Data were categorized into 5-year age groups and seven quinquennia for the period 1990-2024. The estimated annual percentage change (EAPC) and 95% CI of BC incidence and mortality rates were calculated. The incidence and mortality rate ratios and 95% CI of every period (or cohort) in comparison with the reference period (or cohort) were calculated, with adjustment for age and cohort (or period) effects. In this study, cohort effects on incidence rates were calculated in eleven age groups (from 30-34 to 80-84 years), whereas cohort effects on mortality rates were calculated in ten age groups (from 35-39 to 80-84 years).
Younger or older age groups were not included owing to the small number of cases.
Results
The ASIR in Wuhan experienced a substantial increase from 20.01 per 100,000 in 1990 to 44.26 per 100,000 in 2014 (AAPC=3.3%; 95% CI: 1.7%, 5.0%; Figure 1 ). In addition, the projected 5-year ASIR increased by 3.0% (95% CI: 2.0%, 4.1%) in 1990-2024 ( Figure 2 ). The ASMR was 7.51 per 100,000 women in 2014 and plateaued during the observed and projected periods (AAPC=0.4%; 95% CI: −0.2%, 0.9% and AAPC=0.1%, 95% CI: −0.3%, 0.6%, respectively).
The age distributions of BC incidence and mortality cases are provided in Table 1 . In the latest period of 2010-2014, most BC incidence and mortality cases were among women older than 50 years (66.79% and 82.16%, respectively). The number of patients with BC aged 55-59 years comprised the highest proportion of both incidence (17.59%) and mortality (18.68%). Table 2 shows the age-specific incidence and mortality rates of patients with BC between 1990 and 2024. The age group 55-59 years had the highest incidence, with 119.16 per 100,000, in the latest observed period 2010-2014. The age peak of BC incidence shifted from the age group 50-54 years in 1990-1994 to 60-64 years in the projected period 2020-2024. The age-specific rates of BC mortality increased with the growing age, and women aged 80-84 years had the highest mortality of all age groups.
The EAPC in BC incidence and mortality rates for the selected 5-year age groups during 1990-2024 are provided Abbreviations: aaPC, average annual percentage change; asiR, age-standardized incidence rate; asMR, age-standardized mortality rate. 0 1 9 9 0 1 9 9 1 1 9 9 2 1 9 9 3 1 9 9 4 1 9 9 5 1 9 9 6 1 9 9 7 1 9 9 8 1 9 
6250
Cheng et al in Table 3 . The EAPC of age-specific BC incidence showed significant upward trends, ranging from 2.69% (0.61%, 4.81%) to 5.09% (4.57%, 5.62%) in the observed period. The BC mortality rate of the age group 40-44 years showed a significant downward trend during the observed period (EAPC=−2.08%, 95% CI: −3.18%, −0.97%). However, the trends in BC mortality of older age groups (50-54, 55-59, 
6251
Trends in incidence and mortality of female breast cancer Table 2 Age-specific incidence and mortality rates (per 100,000 women) of breast cancer in Wuhan by 5-year periods during 1990-2024 
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Cheng et al deviations. The curve shows that the risk of BC incidence and mortality increased with age. Figure 4 shows the period rate ratios of incidence and mortality of each period, in reference to the period 2005-2009. The period effect was statistically significant for BC incidence trends. BC incidence risk accelerated throughout the study period. The period-driven incidence accelerated during 1995-1999 to 2005-2009, then decelerated after the period 2005-2009. In addition, the period effect showed no significant impact on BC mortality trend. Figure 5 shows the cohort rate ratios of BC incidence and mortality in each cohort relative to the reference cohort 1955 196 1965 1970 1975 1980 1985 1990 of the 1950s. The cohort effect was significant for BC incidence and mortality. Incidence risk accelerated less rapidly prior to the 1965s, then soared after 1970. The mortality risk fluctuated in the study cohort, but an apparent breaking point occurred in 1955. Results of Wald's goodness-of-fit test for the age-period-cohort models are presented in Table 4 .
Discussion
This study provided a unique parallel analysis of long-term trends in BC incidence and mortality in Wuhan, Central China. First, we revealed that the overall ASIR and ASMR of 
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Trends in incidence and mortality of female breast cancer BC in Wuhan were 44.26 and 7.51 per 100,000, respectively, in 2014. The ASIR in Wuhan is approaching the rates in other developed areas of China with the highest BC risk, such as urban Shanghai (44.4 per 100,000 according to the latest report in 2012) 7 and urban Guangdong (42.7 per 100,000 according to the latest report in 2012), 19 which is even higher than that of urban Beijing, the capital city of China (33.4 per 100,000 according to the latest report in 2014). 20 Our findings predict that the BC incidence will continue to rise in the next decade. This serves as a reminder that BC incidence in rapidly developing regions should be carefully monitored, and measures should be adopted to control BC.
We found that Wuhan had a relatively high AAPC of 3.3% annually, consistent with that of other Asian populations, such as in southern Thailand; 21 however, the AAPC in Wuhan is much higher than that of Shanghai (1.7%). 22 Compared with Western countries, AAPC in Wuhan is nearly equal to that in the USA in the early 1980s 23 and to that in Poland during 1990-1996. Nonetheless, decreasing trends were observed in later periods. 24 Following the establishment of the national guidelines for BC diagnosis and treatment in 2007, 25 annual mammography screening for women aged 40-49 years and every 1-2 years for women aged 50-69 years is recommended for BC control in Wuhan. By 2012, 16.4% of women aged 40-69 years in urban areas of China had been screened. 26 This BC control policy might have partly contributed to the increased ASIR after the introduction of the national guidelines, compared with earlier years.
The age peak of BC incidence was 45-54 years during 1990-2004, which is in line with that of Shanghai and Beijing. 27 It is surprising that the age peak of BC was projected to be 60-64 years in 2020-2024, which would be a large shift toward older age, close to the current level in the USA. 8 This increasing age incidence peak indicates that some risk factors might change from one generation to the next, which could affect the age-specific BC incidence. This result highlights that the effects of the adoption of a Westernized lifestyle among Wuhan residents might contribute to the synchronization of the incidence peaks in both populations for the age group 60-64 years. However, it should be noted that the upsurge of BC incidence observed in Wuhan was much steeper, endured longer, and showed increasing trends in every 5-year age group.
Separate APC analyses for incidence showed that age, period, and cohort effects were significantly related to incidence trends. The accelerating increase of BC incidence driven by period effects in 1995-1999 to 2005-2009 might be partly explained by the fast urbanization and economic development in the seven urban districts of Wuhan during this period. 28 Since 2010, the urbanization rate was more than 95% and the pace was slowing down to a large extent.
Strong cohort effects were observed in BC incidence, confirming the findings of studies in Asian 29 and Western countries. 30 Because organized population-based BC screening in urban Wuhan only covers low-income residents, 31 the cohortdriven incidence might be partly attributable to improvements in the sensitivity of screening technology, improved self-participation in regular screening, and increased life expectancy of older generations. 26 During the socioeconomic transition of the 25-year period, Chinese women have gone through different patterns of lifestyle. This might also be attributable to the adoption of a Westernized lifestyle and higher rates of obesity; physical inactivity; improved intake of red and processed meat; smoking; drinking; use of oral contraceptives; postmenopausal estrogen replacement therapy; menstrual and reproductive factors such as extended menstruation, late age at first live birth, and reduced breastfeeding rates, which were well-documented risk factors. [32] [33] [34] [35] [36] [37] [38] Furthermore, after the birth cohort of the 1970s, the upward trend of BC incidence began to accelerate, probably owing to the decreased fertility rate after implementation of the one-child policy in mainland China during the 1970s. 26 BC mortality showed a relatively stable trend with an insignificant AAPC of 0.4% annually during the study period. However, declining trends in BC mortality have been detected in other regions in recent years, such as in Hong Kong 39 and most European countries. 40 Partly owing to the low participation rate in screening and the upsurge of BC incidence, BC mortality trends in Wuhan plateaued after implementation of the national guidelines in 2007. In our study, it is noteworthy that young women (aged <50 years) showed decreasing trends in the observed and projected periods. This might be explained to some extent by improved early detection combined with effective treatment. Most women aged <50 years who work in urban areas have employer-provided benefits, such as medical subsidies and free breast ultrasound 
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Cheng et al screening included in a physical examination conducted once or twice a year. It has been previously suggested that ultrasound is superior to mammography for Chinese women in terms of BC prevention and control. 41 Similarly, BC mortality in the USA and UK has decreased at younger ages owing to improvement in modifiable risk factors, and more effective treatment in younger population, which might also explain the decrease in BC mortality in Wuhan. 42 The 5-year age-specific BC mortality rate in older age groups (50-54, 55-59, 60-64, and 70-74 years) in Wuhan showed significantly increasing trends, and the rate of women aged 55-79 years is projected to increase in 1990-2024.
BC mortality trends were mainly promoted by age and cohort effects. A downward inflection point in mortality rate was detected in the 1955s birth cohort; this might be a result of the introduction of BC ultrasound screening in the 2005, which has been adopted by the younger population (aged <50 years), as mentioned earlier. In addition, this could be because women of later generations are generally more educated and might therefore have better awareness about early detection and timely treatment of BC.
To the best of our knowledge, there is no study on longterm trends in BC incidence and mortality rates in Central China, and the incidence rate in Wuhan is approaching those developed areas with the highest BC risk in China. However, this study has some limitations. First, this study was based on retrospective cancer surveillance data. Therefore, missing and false reports might undermine the precision of the findings. Second, we only considered the trend in incidence and mortality rates of BC, and excluded specific risk factors, such as economic development, life stress, and lifestyle changes. Thus, specific potential risk factors that contribute to BC incidence and mortality in Central China require further study. Third, BC data lacked information on disease stage and grade, and it is recommended that they be collected in subsequent cancer surveillance. Finally this study only included permanent residents in urban areas because cancer surveillance in rural Wuhan was only begun in the past decade; therefore, the generalization of our results to rural areas and migrants may be limited.
Conclusion
In our study, a long-term upsurge in BC incidence in Wuhan was observed, and this is projected to increase during the next decade. This result calls for effective actions to prevent the rapid increase of BC incidence that accompanies rapid development in the future. Meanwhile, the increase in BC mortality, especially for older women, suggested that further strategies to reduce BC mortality in older age groups should be reinforced in Wuhan, Central China.
